Two field experiments were done at a private farm in Kalabsho and Zayian district, Dakhlia Egypt, throughout 2014/2015 and 2015/2016 seasons, to evaluate the promotive role of chitosan (Chi, 250 and 500 mg/l) and/or sodium metasilicate (Si, 125 and 250 mg/l) foliar application on barley growth, yield, and some physiological attributes in newly reclaimed soil. Application of Si or Chi concentrations showed an improvement in plant growth as: plant height, tiller number per plant, flag leaf area and shoot dry weight; photosynthetic pigments; organic osmolytes; ion percentage, as well as yield and its quality in both growing seasons. Generally, the application of Si gave higher values in most cases than Chi application in the experimental year. It was concluded that application of 125 mg/l sodium metasilicate twice at 50 and 70 days from sowing is advantageous to improving plant growth and productivity under newly reclaimed soils.
INTRODUCTION
The existing world population of 7.6 billion is expected to reach 11.2 billion in 2100 (Sustainable Development Goals, 2017) . Consequently, rominence should be laid on the production of elevated quality food (Ghaly and Alkoaik, 2010) . Barley (Hordeum vulgare subsp. vulgare L., Poaceae) is close to further cereal in terms of caloric value and protein content, conversely, contains elevated concentrations of tocols and β-glucans (Oscarsson et al., 1996) , that decline coronary heart syndrome and is useful to type 2 diabetics (Jonnalagadda et al., 2011). In Egypt and Libya, it was prompt to utilize barley as a complementary cereal to satisfy this cereal scarcity due to barley's capability, to grow healthy in new reclaimed soil.
Chitosan (Chi) has been shown to improve plant growth and productivity, of various crops (Helaly et al., 2018; Souza et al., 2018) .
Silicon (Si) is a second nutrient in the Earth's crust, that served as a crucial physio-mechanical barrier in nearly all crops (Hobara et al., 2016) , enhancing enzymatic activity (Kim et al., 2017) , and regulates gene expression (Merwad et al., 2018) , enhanced photosynthesis, and motivation of antioxidant system and increased the yield (Farouk et al., 2017; Merwad et al., 2018) . The current study aimed to evaluate the role of Chi or Si on barley growth, some physiological parameters, and yield under newly reclaimed soil.
MATERIAL AND METHODS

Experimental layout
Two field experiments were carried out in the winter seasons of 2014/2015 and 2015/2016 on sandy soil at private farm in Kalabsho and Zayian districts, Dakhlia, Egypt. The experimental soil is known as sandy soil with a pH (1:2.5) 7.5-7.7, having 0.50-0.52% organic matter; and having 1.92-1.95 dS/m electrical conductivity. The irrigation water was coming from an irrigation channel under rotating irrigation wherever. A completely randomized design with five replicates, the area of the experimental plot was 15 m 2 . To avoid interface influence, levees 1.5 m wide were used to generate a safeguarded area among experimental plots.
Prior to sowing, the experimental field was deep plowed formerly and soil was brought to the good filth. The fertilizers (NPK 285:70:60 kg ha -1 ) were added in the form of ammonium nitrate, a mono-superphosphate, and potassium sulfate. Nitrogen fertilizer was added, as follows: 10% of the nitrogen was used at sowing as a basal dose, the remnants being applied previously to all irrigation in three portions till heading phase. Phosphorous fertilizer was added to the soil in two equivalent doses before planting and at tillering stage, meanwhile, a potassium fertilizer applied one time following one month from sowing. Pest management and cultural practices were performed following the instructions of local commercial crop production. Barley grains (Hordeum vulgare L., cv Giza129), at the rate of 160 kg ha -1 , were sown on the 10 th and 1 st November in 15 cm rows to row distances using a single row hand drill.
The biostimulants (sodium metasilicate 'Si' at 125 and 250 mg/l; chitosan 'Chi' at 250 and 500 mg/l; beside water spraying 'control') were sprayed two times at 50 and 70 days from sowing to an overflow at the rate of 20 liters per plot at early morning with a back sprayer once adding 0.1% (v/v) Tween 20 as a wetting agent to ensure optimal penetration into the leaves.
Data recorded
At 90 days from sowing, 15 plants from every experimental plot were randomly chosen and estimated plant growth trails (plant height, tillers number per plants; flag leaf area and shoot dry weight), and a number of physiological characteristics within the shoot and flag leaf.
Total chlorophyll and carotenoid in flag leaf were assessed with the protocol delineated by Lichtenthaler and Wellburn (1985) . Leaf segments were extracted for 24 hrs at the lab, temperature with methanol supplemented with potassium carbonate, then spectrophotometrically determined at 470, 653 and 666 nm.
Proline concentration was estimated using D-proline as a standard (Magné and Larher, 1992) , about 0.5 g shoot was homogenized with 3% (v/v) aqueous sulphosalicylic acid and centrifugation. To an aliquot of extract, 2 ml glacial acetic acid and 2 ml of acid ninhydrin was added and maintained at 100 0 C for 30 min. After cooling, 4 ml toluene was added, mixed strongly and the chromophore-containing toluene was read at 520 nm using toluene as blank. The proline concentration was deliberate by a standard curve of proline and was expressed as mg/g FW. The anthronesulfuric acid technique introduced by Sadasivam and Manickam (1996) was used to estimate total soluble carbohydrates. The absorbance was measured spectrophotometrically at 620 nm against a blank. Ascorbic acid was extracted and determined, as delineating by Sadasivam and Manickam (1996) . Total phenolic content in extracts was determined by Folin-Ciocalteu's colorimetric routine, as documented by Julkunen-Tiitto (1985) . Every solvent extracted solution (0.3 ml in triplicate) was mixed with 1.5 ml of 10% Folin-Ciocalteu's reagent and 1.2 ml of 7.5% (W/V) sodium carbonate. The mixture was kept in the dark for 30 min and absorbance was read at 765 nm. Quantification was done on the basis of a standard curve of gallic acid and expressed as gallic acid equivalent (GAE), i.e. mg gallic acid/g FW.
Ion percentages were estimated in the dried shoot after wet digestion with HClO 3 /H 2 SO 4 . Total nitrogen, potassium and phosphorous were estimated by the micro-Kjeldahl method, flame photometer (Kalra, 1998) , and reduced molybdophosphoric blue color technique (Cooper, 1977) , respectively.
At harvest time, a random sample of one m 2 was taken from each plot for determining grain yield per spike, grain index (1000-grain weight), as well as grain and straw, yields "ton ha -1 ". Additionally, protein determination was determined by multiplying total nitrogen percentage in grains by 6.25 (Chapman and Pratt, 1978) and total carbohydrate percentage was estimated by the phenolsulphuric acid protocol (Sadasivam and Manickam, 1996) .
Statistical analysis
Data was subjected to one-way ANOVA (analysis of variance) with Costat software (Costat Institute, Cary, NC, USA). Where F tests were significant (p< 0.05), means were separated by Duncan's multiple range test.
RESULTS AND DISCUSSION
Growth parameters
Commonly, data in Fig. 1 assess that foliar application of chitosan (Chi) or sodium metasilicate (Si) concentrations drastically raised plant growth corresponding to control plants; moreover, the data in the same figure verified that application of Si gave higher values than Chi. The maximum plant growth was recorded under foliar application with 125 mg/l Si, that increased plant height by 10% and 13%, tillers number per plant by 14% and 19%, flag leaf area by 18% and 27%, and shoot dry weight by 18% and 21% in the first and second season respectively above nonsprayed control plants.
The current research has documentted that both Chi and Si concentrations exhibit surprising impacts on plant growth comparative to control. The encouraging effect of Chi or Si on plant growth recorded in the existing investigation, possibly owing to: 1) improvement of water status (Alzahrani et al., 2018; Merwad et al., 2018) , that reflected to boost ion content, as observed in the recent study; 2) increased the beginning of leaf primordial and decreased plastochron duration, that directs to raise leaf area and lastly plant biomass, throughout increased total soluble carbohydrates, as recorded earlier (Farouk et al., 2017; Alzahrani et al., 2018) ; 3) compensate the oxidative damage by modifiable antioxidant enzyme activities and declined the hydrogen peroxide concentration and oxidative damage of protein (Alzahrani et al., 2018; Merwad et al., 2018) ; 4) improved potassium content that may raise the chloroplasts per cell, the cell number per leaf and finaly leaf area (Taiz and Zeiger, 2010) .
Photosynthetic pigment
Application of both biostimulants non-significantly increased total chlorophyll in flag leaf compared with untreated control plants; alternatively, application of biostimulants signifycantly increased total carotenoids concentration in flag leaf (Fig. 2) .
The highest concentration of total chlorophyll and total carotenoids were obtained by foliar application of 125 mg/l Si (Fig. 2) . The advantage of Chi or Si on photosynthetic pigments are in harmony with those of Farouk et al. (2017) for Si, Farouk and Amany (2012), Bistgani et al. (2017) for Chi. This rise may be recognized to: 1) Proficient scavenging of reactive oxygen species that will have otherwise damaged the chlorophyll (Farouk et al., 2017) ; 2) Increased the endogenous level of cytokinins that stimulates chlorophyll biosynthesis (Markovich et al., 2017) ; 3) Improved noticeably both nitrogen and potassium in the plant shoot, as indicated in the present study, that can be rising the number of chloroplast per cell, the cell size and number per unit area, as well as improved the synthesis of chlorophyll (Taiz and Zeiger, 2010) .
Organic osmolytes
Data observed in Fig.3 recognized that barley plants under biostimulants application coupled with an increased ion influx in their cells by raising the accretion of solutes, like proline, total soluble carbohydrates, ascorbic and phenol as relative to the control. The maximum value of ascorbic and soluble carbohydrates was obtained due to the application of 125 mg/l Si, in the meantime, the maximum proline and phenol concentration were obtained by application of 500 mg/l Chi in both growing seasons.
Proline (Pro) is the mainly crucial solutes and signalling molecule to adjust mitochondrial functions, manipulate cell proliferation or cell death and trigger specific gene expression, which might be necessary for plant development under Si (Farouk et al., 2017; Alzahrani et al., 2018) and Chi (Bistgani et al., 2017) application.
In the plant tissues, the biosynthesis of Pro depends on upregulation of Pro biosynthesis genes, such as pyrroline-5-carboxylatesynthetase (P5CS) and pyrroline-5-carboxylate reductase (P5CR) (Bandurska et al., 2017) , and glutamyl kinase activity or the low activity of degrading enzyme, proline oxidase (EC 1.5.99.8) and proline dehydrogenase (EC 1.5.1.2) (Zhang et al., 2017) to significant rate. Nevertheless, Pro metabolism in the incidence of Chi or Si is not recognized and requires extra investigation. Several types of research recognized that, the importance of soluble carbohydrates in accelerating Pro accumulation through an inhibition of the degradation enzymes and stimulated the synthesis enzymes. Consequently, Hare and Cress (1996) noticed that mRNA transcript encoding P5CR was exaggerated in phloem tissue in stress condition. Total soluble carbohydrate amount was increasingly increasing in plants under exogenous application of biostimulants. The outcome of the current study is in harmony with Alzahrani et al. (2018) for Si and Bistgani et al. (2017) for chitosan. The augmentation in soluble carbohydrates attributable to Si or Chi supplementation might sequentially play a vital function in raising the osmotic pressure of the cytoplasm. Sugars are extensively established as an osmoprotectant, that regulates the osmotic adjustment, give membrane shield and scavenge noxious ROS against various stresses (Koyro et al., 2012) .
Ions percentage
Data presented in Fig. 4 postulated that pronounces a tremendous rise in nitrogen, phosphorous and potassium percentages in the shoot attributable to the foliar application of biostimulants in growing seasons. The maximum values were observed due to foliar application of 125 mg/l Si that increased N, P and K by 12%, 11%, and 15% in the first season and by 15%, 10%, and 15% in the second season, respectively, relative to control.
The role of Chi or Si in accelerating ion buildup is not entirely understood, and there are few studies in this concern. In this concern, the application of Si or Chi raised the absorption and metabolism of nitrogen, phosphorous and potassium in plant tissues (Farouk et al., 2017; Alzahrani et al., 2018) . Normally, it's well noted that Si or Chi-mediated improvement of root growth, enhanced hydraulic conductance of roots and root activity could thus encourage nutrient absorption (Sonobe et al., 2011) . Numerous physiological mechanisms seem to be occupied in the above-referenced positive impacts of biostimulants on mineral uptake and mobility into the plant tissues. A foremost mechanism arises from the efficiency of biostimulants to reduce plasma membrane permeability, thus maintaining membrane selectivity to ion influx and efflux. The plasma membrane is able to maintain the physiological balance in ion concentrations at intracellular level, while minimizing the influx of toxic ions as long as its selectivity to ion uptake is high, despite imbalanced concentrations in the root zone. A number of researchers found that biostimulants protect plasma membrane integrity and permeability in plants. The increase in P accumulation as results of Si and Chi application could also result from the avoidance of P fixation within the soil and the formation of humophospho complexes, which are simply assailable by the plants and this explains the more of P percentage of wheat plant in the present study. 
Yield and its components
Data presented in Fig. 5 postulated that biostimulants application significantly (p≤ 0.05) improved the yield and its components. The greatest grain weight/spike (12% and 45%), grain index (22% and 43%), grain yield (12% and 33%), straw yield (41% and 34%) and grain protein percentage (17% and 9%) were obtained by exogenous application of 125 mg/l sodium metasilicate; meanwhile, the highest grain carbohydrates percentage (12% and 12%) was obtained by 500 mg/l chitosan foliar application in both seasons, relative to control. The increase in barley yield attributable to Si or Chi may result from its effects in enhancing metabolic processes and anatomical alteration. Biostimulants increased yield and its components in several crop species (Farouk et al., 2017; Merwad et al., 2018) . The yield enhancement by biostimulants corres-ponded to the maintenance of higher net photosynthesis rate and improving the source-sink relationship.
Consequently, Liang et al. (2013) assume that Si application enhance lodging resistance by strengthening the stem base, as well as leaves becomes additional straight, consequently dropping self-shading and improved photosynthesis ability, chiefly through the grain filling era, that connected with starch accretion in grains. Moreover, Si deposition on cell walls, provides mechanical strength and rigidity to plant tissue (Isa et al., 2010) , that reduce lodging and enhance leaf thickness, erectness and rigidity, thereby improving leaf exposure to light leading to improved photosynthesis in plants by sustaining net assimilate rate by increased the basal quantum yield and maximum quantum efficiency of the photosystem II, that leads to increased yield.
The increase in carbohydrate percentage of biostimulants pretreatment might be ascribed to the increase of photosynthetic pigment, leading to improvement of carbohydrate synthesis and accumulation. 
CONCLUSION
There is more promise for the use of antitranspirant eco-friendly substances in crop production for minimizing irrigation water and chemical used in new reclaimed sandy soil. It was fulfilled that the application of 125 mg/l sodium metasilicate as a foliar application two times at 50 and 70 days from sowing is favorable to improve plant growth and productivity, as well as enhancing the grain quality.
